The synthesis, characterization and solid-state luminescence spectroscopy of mononuclear (f), heterodinuclear (d-f) and heterotrinuclear (d-f-d) coordination compounds with the compartmental ligand N,N'-bis(3-hydroxyl salicylidene)benzene-1,2-diamine (H 2 L) are reported. number of ten, with a bicapped cubic geometry, while for the dysprosium compound a ninecoordinated environment with a tricapped trigonal prismatic geometry is shown. Their crystals belong to the triclinic system and P-1 space group. The coordination number for terbium(III) in the trinuclear complex is nine, with a tricapped trigonal prismatic geometry, and its crystal belongs to the monoclinic system, space group C2/c. For these three compounds, the zinc ion stabilises a penta-coordinated environment with square pyramid geometry. All mononuclear and dinuclear compounds are neutral, whereas the trinuclear complexes are ionic. Results of DFT theoretical calculations for the ligand (H 2 L) are used to assign the ligand singlet and triplet excited state energy levels. Luminescence studies of the neodymium compounds indicate that the ligand is a sensitizer for the NIR emitters.
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Introduction
Lanthanide ions doped in crystal lattices and molecular lanthanide compounds show a wide variety of luminescence properties, and are a long-standing focus of research interest in the last decades 1-3 partly due to their applications as phosphors and luminescent materials. More recently, molecular and nanoscale lanthanide systems have been proposed as luminescent probes both in biosciences as well as in materials science. [4] [5] [6] [7] [8] [9] [10] Near-infrared (NIR) emitting lanthanide ions such as Nd shown by the significant increase in the number of publications due to their numerous potential applications which range from biomolecular labelling in luminescent bioassays to functional materials for optical telecommunication networks, [10] [11] [12] [13] [14] [15] [16] [17] and more recently as molecular thermometers. 18 Nevertheless, f-f transitions are parity forbidden; therefore direct excitation into the 4f excited levels rarely yields highly luminescent materials. To overcome this situation, sensitization of the luminescence by energy transfer has been achieved, for example by coordinating the metal ion to a chromophore. 19 This chromophore, a good light harvester, may be an organic ligand or a transition metal coordination compound and acts as an antenna. [20] [21] [22] [23] [24] [25] A variety of ligands have been employed as sensitizers, containing N or O donor atoms, such as aromatic carboxylic acids, aromatic imines, -diketones, and many others. [26] [27] [28] [29] [30] The design of ligands that yields stable and substitution inert coordination compounds with lanthanides and, at the same time, act as efficient antenna has seen a tremendous development during the past two decades. 4 Among them, Schiff bases have been successfully employed as ligands both for the d-and f-blocks metal ions; even more, if an adequate design is carried out, compartmental ligands can be synthesised which may be able to coordinate two or more metal ions. 31, 32 It is worth to mention that the utilization of this type of ligands as antenna groups for lanthanides has also been reported. 33, 34 To devise chromophores which may work as efficient antennae for lanthanide ions is a fundamental task. It is important to consider and achieve an optimum coupling between the electronic excited states of the chromophore with the emissive levels of the lanthanide ion. For . 35 Modern computational methods, combined with experimental spectroscopic properties of lanthanides have aided scientists to design highly luminescent materials; particularly since the understanding of the spectroscopic properties of these ions has advanced in the last decades. 1 However, there is still a need to improve theoretical calculations to get quantitatively reliable predictions of photophysical properties.
In this manuscript we report the synthesis of mononuclear, heterodinuclear (d-f) and 
Results and Discussion
Synthesis
The solid starting materials (o-phenylenediamine and 2,3-dihydroxybenzaldehyde) were mixed and then the solvent was added giving a yellow solution by stirring the mixture. From this solution a red crystalline precipitate is formed on heating, which corresponds to the Schiff base, H 2 L. It was obtained in high yield and as a pure product, characterized by elemental analysis, IR, Raman, NMR spectroscopies. The Schiff base itself acts as sensitizer for the lanthanide ions.
Also, coordination compounds with d-block ions (Ni   II   and Zn   II   ) were prepared to use them as antenna groups for lanthanides. The reaction synthesis using either the nickel(II) chloride or nitrate salts generated terracotta precipitates of the coordination compound [NiL] in high yield.
The antenna was obtained from an ethanolic hot solution of the ligand to which the metal salt was added and this reaction mixture was stirred for an hour. The same synthetic method was carried out for the zinc(II) compound and the yields observed in this case were lower than those for the corresponding nickel(II) compounds.
Vibrational spectroscopy
IR and Raman spectra show characteristic frequencies in the region of the coordination site. , while those due to the presence of the coordinated Schiff base were shifted from their position in the uncoordinated ligand, see Table 1 .
Magnetic Moments of the coordination compounds
The effective magnetic moments of all coordination compounds were obtained by the Gouy method and correspond to the expected values for the lanthanide(III) ions, see Table 1 . It can therefore be concluded that nickel(II) does not contribute to the paramagnetism of the complexes, therefore this ion is diamagnetic, with a square planar coordination geometry.
Electrical Conductivity
The conductivity measurements of 1 x 10 -3 M DMF solutions of the trinuclear complexes indicate that they are 1:2 electrolites. On the other hand, their IR spectra suggest that the nitrate ion acts as counterion, therefore the second anion is likely a chloride ion.
NMR Spectra
The unequivocal assignment of the In all cases, the proposed molecular formulae are in accordance with the elemental analyses data (see experimental section).
Crystal structures
The structures [DyZn (O 2 (23) were determined by X-ray diffraction, with crystallographic parameters, data collection, and refinements summarized in Table 2 . CCDC: and shorter to the trinuclear analogue compounds (3.616Å).
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The typical eight-coordination of the Dy III metal ion is observed in other analogue dinuclear and trinuclear complexes. Nine-coordinated mononuclear dysprosium(III) complexes where the geometry around the metal ion is either pseudo-monocapped square antiprismatic, or a tricapped trigonal prismatic conformation have also been reported. 40, 41 On the other hand, the [SmZn (O 2 (6) Å is shorter to the reported of 3.594 Å for analogue compounds. 42 The typical ten-coordination of the Sm III metal ion is also observed in similar compounds.
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The molecular geometry of this compound is further stabilised by intra and intermolecular hydrogen bond interactions. Intermolecular weak hydrogen bonds are observed between the nitrate oxygen atom of one molecule and the coordinated water from another molecule, and from the nitrate oxygen atoms and the disordered crystallisation ethanol molecule. Intermolecular hydrogen bonds are formed between O1 and the nitrate group. (Table 6) , all spectra are shown in Fig. 6 . It is noteworthy that f-f transitions are hidden by more intense features. In absorption or diffuse reflectance, the ligand spectrum with its onset at approximately 570 nm is more intense than f-f bands, therefore no f-f transitions at wavelengths shorter than 570 nm can be observed. And yet, diffuse reflectance bands due to f-f transitions at longer-wavelengths are observed for the Nd III 45 ( Fig.   7 ), Sm III 46 and Dy
III48
compounds and the assignments are given in Table 6 .
Nd III compounds 4 and 10 show f-f luminescence 47 ( Fig. 8) . Luminescence spectra for the mononuclear 4 and dinuclear 10 compounds are shown in Fig. 9 at 80 K and room temperature;
comparison with diffuse reflectance, allows identifying the well resolved transitions, see Table 6 .
The majority of the compounds prepared for this study show broad luminescence bands with maximum wavelengths summarized in Table 6 . The uncoordinated ligand in its protonated form shows a similar broad luminescence band, illustrated in Table 6 and can be assigned by comparisons with literature spectra. 48, 49 In agreement with Dieke's diagram, no luminescence transitions are observed for these compounds.
The two Nd III complexes, 4 and 10, show NIR luminescence transitions. Fig. 8 Lifetimes are for the mononuclear compound 4 and the dinuclear compound 10 are comparable to that reported for a tetranuclear system in solution 54 and a promising indication of an antenna effect through ligand and zinc coordination compound. The lower temperature spectra recorded at 80 K is well resolved and allows for a precise determination of maxima, as listed in Table 6 . The spectra in Fig. 8 allow us to indicate the split of the 4 I 9/2 level, information not usually available form such spectra, 48 and the resolution allows us to distinguish between the different types of structures described here.
The luminescence spectra of the dinuclear and trinuclear compounds are displayed in Fig. 10 and Fig. 11 , respectively, where it can be observed that the luminescence maximum shows a red shift with the nuclearity of the compounds from the mononuclear (ca. 630 nm) to the dinuclear (ca.
640 nm) and to the trinuclear (ca. 700 nm) compounds.
Conclusions
A novel one-pot two-step synthetic route for the preparation of d-f heteronuclear coordination compounds is presented herein and it was possible to prepare mononuclear, dinuclear and trinuclear lanthanide-based complexes. The ligand is deprotonated when the inner compartment is occupied. 
Experimental
All reagents were purchased from Aldrich and used as received. The Infrared spectra were obtained using a Perkin-Elmer FTIR/FIR Spectrum 400 spectrometer. Elemental analyses were obtained in CHNS Perkin Elmer 2400 equipment; using cysteine for calibration. Effective magnetic moments of the compounds were determined in the solid state by the Gouy method, using a Johnson Matthey Type MSB model Auto magnetic balance. UV-Vis spectra were recorded on a Cary 6000i UV-Vis-NIR spectrophotometer. 
Computational details of H 2 L
All the calculations were performed with the Gaussian 09 package (Gaussian Inc.) 55 using methods as they are implemented in the software. Initially, a ground-state geometry optimization was performed in the gas-phase on a single molecule starting from the crystal structure geometric parameters (bond lengths, angles and dihedral angles) Diffraction Gemini "A" diffractometer with a CCD area detector ( MoK = 0.71073 Å, monochromator: graphite) source equipped with a sealed tube X-ray source at 130 K. Unit cell constants were determined with a set of 15/3 narrow frame/runs (1° in ) scans. A data set consisted of 464, 288 and 302 frames of intensity data collected for (15a), (16) and (23) respectively with a frame width of 1° in , a counting time of 12 s/frame, and a crystal-todetector distance of 55.00 mm. The double pass method of scanning was used to exclude any noise. The collected frames were integrated by using an orientation matrix determined from the narrow frame scans.
X-ray crystallography
CrysAlisPro and CrysAlis RED software packages were used for data collection and data integration. 60 Analysis of the integrated data did not reveal any decay. Final cell constants were determined by a global refinement of 3986, 3635 and 12922 reflections ( < 29 °) for (15a), (16) and (23), respectively. Collected data were corrected for absorbance by using Analytical numeric absorption correction using a multifaceted crystal model based on expressions upon the Laue symmetry using equivalent reflections. 61 Structure , and using the SQUEEZE program. 65 All non-hydrogen atoms were refined anisotropically.
H atoms attached to O were located in a difference map and refined as riding on their parent atoms, with O-H = 0.82-0.86 Å and U iso (H) = 1.5U eq (O) . H atoms attached to C atoms were placed in geometrically idealized positions and refined as riding on their parent atoms, with C-H = 0.95 -0.99 Å with U iso (H) = 1.2U eq (C) for aromatic, methylene and methyne groups, and U iso (H) = 1.5 U eq (C) for methyl group. Crystal data and experimental details of the structures determination are listed in Table 2 . 
